In a previous study, the X-ray structure of the title compound, C 9 H 12 N 2 O 7 P 2 ÁH 2 O, was reported [Takeuchi et al., (1998) . Chem. Pharm. Bull. 46, 1703Bull. 46, -1709, but neither atomic coordinates nor details of the geometry were published. The structure has been redetermined with high precision as its detailed knowledge is essential to elucidate the presumed polymorphism of minodronic acid monohydrate at room temperature. The molecule crystallizes in a zwitterionic form with cationic imidazolium [1,2a]pyridine and anionic phosphonate groups. The dihedral angle formed by the planes of the pyridine and imidazole rings is 3.55 (9) . A short intramolecular C-HÁ Á ÁO contact is present. In the crystal, molecules are linked by O-HÁ Á ÁO, N-HÁ Á ÁO and C-HÁ Á ÁO hydrogen bonds and -interactions [centroid-to-centroid distance = 3.5822 (11) Å ], forming a three-dimensional structure.
Crystal structure of zwitterionic 3-(2-hydroxy-2-phosphonato-2-phosphonoethyl)imidazo [1,2-a In a previous study, the X-ray structure of the title compound, C 9 H 12 N 2 O 7 P 2 ÁH 2 O, was reported [Takeuchi et al., (1998) . Chem. Pharm. Bull. 46, 1703 Bull. 46, -1709 , but neither atomic coordinates nor details of the geometry were published. The structure has been redetermined with high precision as its detailed knowledge is essential to elucidate the presumed polymorphism of minodronic acid monohydrate at room temperature. The molecule crystallizes in a zwitterionic form with cationic imidazolium [1,2a] pyridine and anionic phosphonate groups. The dihedral angle formed by the planes of the pyridine and imidazole rings is 3.55 (9) . A short intramolecular C-HÁ Á ÁO contact is present. In the crystal, molecules are linked by O-HÁ Á ÁO, N-HÁ Á ÁO and C-HÁ Á ÁO hydrogen bonds and -interactions [centroid-to-centroid distance = 3.5822 (11) Å ], forming a three-dimensional structure.
Chemical context
Minodronic acid, (1-hydroxy-2-(imidazo[1,2-a]pyridin-3-yl)ethane-1,1-bis(phosphonic acid), has excellent bone resorption inhibitory activity, as well as anti-inflammatory, analgesic and antipyretic activities and is useful for the treatment of diseases in which an increased bone resorption participates (Tanishima & Morio, 2013; Yamane et al., 2003; Ito et al., 2010; Sato et al., 2006) . For practical uses and solid pharmaceutical preparations, the monohydrate form is preferred, giving more stable crystals with respect to the anhydrous and polyhydrate forms. By developing a pharmaceutical preparation (Takeuchi et al., 1993) , it was found that monohydrate crystals include two crystal forms, named D and E, having the same powder X-ray diffraction pattern but different dehydration temperatures. In fact, according to TG-DSC thermogravimetric analyses, crystal D has a dehydration peak temperature of 408 to 422 K, whereas for E it is 433 to 443 K.
The monohydrate crystals of D and E are both produced by recrystallization of the free acid from aqueous hydrochloric acid solutions by gradual cooling of a heat-dissolved solution under mild stirring conditions, followed by drying the crystals at 313-333 K under reduced pressure. The stirring mode and cooling conditions are the key factors in determining the final crystal form.
The relation between the two crystal forms deviates from the conventional concept of polymorphism by the similarity of the powder X-ray diffraction patterns. In principle, different mechanisms could be invoked to justify the different thermal behavior, amongst which a small difference in the crystal packing or in the atomic interactions could lead to it. The crystal structure of a monohydrate form of minodronic acid has been published earlier (Takeuchi et al., 1998) , but neither the atomic coordinates nor details of the molecular and crystal geometry were reported. In the absence of detailed information, the present study of the crystal structures of both forms, D and E, was undertaken with the aim of finding a reasonable solution to the unusual 'polymorphism' problem. Batches of the D and E crystals were prepared as described in the Experimental section and characterized by thermogravimetric analysis.
Powder X-ray diffraction was performed with a Thermo X'tra Diffractometer equipped with a Si(Li) solid state detector directly on the as-prepared samples without grinding (Fig. 1) . This confirmed that the diffraction patterns of the two forms involve peaks occurring at the same 2 angles, the unique difference consisting of a different intensity distribution probably originating from preferential orientation. It is noteworthy that both diffraction patterns are fully compatible with the lattice parameters reported by Takeuchi et al. (1998) . Small single crystals suitable for XRD experiments were selected from both batches and their structures solved and refined. The analyses established that the crystal structures are perfectly comparable within experimental error, and compatible with that previously reported.
We report herein the redetermination of the crystal structure of form D of minodronic acid monohydrate, whereas that of form E has been deposited at the CCDC (Rizzoli & Calestani, 2014) . On the basis of the present study, the peculiar thermal behaviour of the D and E forms of minodronic acid cannot be ascribed to structural differences, but it is probably due to morphological or microstructural features induced by the crystallization procedure and the influence of the dehydration process.
Structural commentary
The asymmetric unit of the title compound, Fig. 2 , consists of minodronic acid and a water molecule of crystallization. The acid molecule crystallizes in a zwitterionic form with cationic imidazolium [1,2a] pyridine and anionic phosphonate groups. The fused-ring system deviates from planarity, with the dihedral angle formed by the pyridine and imidazole rings being 3.55 (9) . An analysis of the bond lengths within the fused-ring system, indicates that the C N and C C double-bond distribution shown in the Scheme is the most probable, but a resonant form involving the aromatic character of the pyridine ring and the localization of the positive change on the atom N2 also exists. The values of the P-O bond lengths indicate that the negative charge is delocalized on atoms O2 and O3, whose distances [P1-O2 = 1.5197 (10), P1-O3 = 1.5001 (10) Å ] are intermediate between those observed for the protonated atoms O4, O5 and O7 [mean value 1.564 (7) Å ] and for the localized P O double bond [P2-O6 = 1.4817 (10) Å ]. The observed distribution of the hydrogen atoms and of the charge on the phosphonate groups differs from that deducible from the molecular plot reported previously by Takeuchi et al. (1998) . An intramolecular C-HÁ Á ÁO hydrogen bond is present (Table 1) .
Supramolecular features
The crystal structure of the title compound is characterized by a very effective hydrogen-bonding network which is respon- Comparison of the room-temperature powder X-ray diffraction patterns of forms D (red line) and E (blue line) of the title compound.
Figure 2
The molecular structure of the title compound, showing the atom labelling. Displacement ellipsoids are drawn at the 50% probability level.
sible for the unusually high value of the calculated density of the crystal (1.818 g cm À3 ). As shown in Fig. 3 , the crystal packing may be described as an alternate stacking along the b axis of phosphonate and organic layers forming a threedimensional network through O-HÁ Á ÁO, N-HÁ Á ÁO and C-HÁ Á ÁO hydrogen bonds (Table 1 and Fig. 3 ). Adjacent phosphonate layers are bridged via hydrogen bonds involving the water molecules, which are hosted inside channels parallel to the a axis and running between pairs of fused-ring systems connected by -interactions [Cg1Á Á ÁCg1 i = 3.5822 (11) Å ; Cg1 is the centroid of the N2/C5-C9 ring; symmetry code: (i) Àx, Ày + 1, Àz + 1]. The O-HÁ Á ÁO hydrogen-bonding system within the phosphonate layer (Fig. 4) generates rings arranged in R 
Synthesis and crystallization
Crystal form D: crystals of minodronic acid (150 g) were added to 5.6 l of 1 N hydrochloric acid (about 37.5 volumes) in a reactor equipped with mechanical stirring, and dissolved with heating. The dissolution temperature (368 K) was maintained for at least 30 min, followed by filtration of a small amount of undissolved particles. The clear filtrate was stirred at 110 r.p.m. and slowly cooled to 328 K in 4 h, and then to 295 K overnight. The crystalline precipitate was collected by filtration, washed with 300 ml of water and 300 ml of ethanol, and dried at 318 K to obtain 135 g of pure form D of minodronic acid monohydrate, as shown by the dehydration peak at 415 K (Takeuchi et al., 1993) . The colourless crystal sample used for X-ray analysis was selected from the batch.
Crystal form E: crystals of minodronic acid (15 g) were added to 0.6 l of 1 N hydrochloric acid (about 40 volumes) in a reactor equipped with magnetic stirring and dissolved with heating. The dissolution temperature (368 K) was maintained for at least 30 min followed by filtration of a small amount of undissolved particles. The clear filtrate was stirred slowly so that the liquid surface could not create a vortex (<110 r.p.m.) and gradually cooled down to 295 K overnight. The crystal precipitate was collected by filtration, washed with 30 ml of water and 30 ml of ethanol, and dried at 318 K to obtain 14 g of pure E form of minodronic acid monohydrate, as shown by the dehydration peak at 438 K (Takeuchi et al., 1993) . The colourless crystal sample used for X-ray analysis was selected from the batch. Symmetry codes: (i) Àx þ 1; Ày; Àz þ 1; (ii) Àx þ 1; Ày; Àz; (iii) x À 1; y; z; (iv) Àx þ 1; Ày þ 1; Àz; (v) x þ 1; y; z; (vi) x; y þ 1; z; (vii) Àx; Ày; Àz þ 1.
Figure 3
The crystal packing of the title compound viewed along the a axis, showing the hydrogen-bonding network (violet dashed lines) andinteractions (blue dashed lines); see Table 1 for details.
Figure 4
A view along the b axis of the hydrogen-bonding network (dashed lines) in the phosphonate layer (see Table 1 for detail). Nitrogen, carbon (except C1) and C-and N-bound H atoms have been omitted for clarity.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . All the H atoms were located in a difference Fourier map. The N-and O-bound hydrogen atoms were freely refined. The C-bound H atoms were refined using a riding model approximation, with C-H = 0.93-0.97 Å and with U iso (H) = 1.2U eq (C).
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